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I. INTRODUCTION
Liquid argon (LAr) and liquid xenon (LXe) have drawn considerable interest as ionization chamber mediums. 1,2'3'4 This interest is attributable to their density, low Fano factor, and low cost in large volumes. The Fano factor in particular has been calculated to be low enough to permit these liquids (especially LXe) to attain nearly the resolution of a germanium crystal.5
If these resolutions can be realized, one could have relatively high-resolution detectors of volumes difficult to achieve with solid-state detectors.
However, no one has come close to achieving the predicted energy resolution. The purpose of this study is to understand the limitations in achieving the predicted high resolution.
II. THEORY
In spite of the good properties of LAr and LXe, there are several bad properties which account for some of the problems in achieving high energy resolution. The fact that the positive ions are immobile necessitates a grid. Otherwise a variance is added which is roughly equal to the mean stopping distance of the radiation divided by the chamber size.
Thus, shortranged particles, such as several-MeV a particles show little dependence on this effect. However, with these particles, recombination is so severe that 90% or more of the charge is lost. Our data shows that geminate recombination is a strong contribution to charge loss.9
The grid itself is a potential place for charge loss. The grid geometry and operating voltage must be chosen carefully to obtain maximum shielding and maximum transmission.10
The The cell is contained in a 5.5-Q stainless steel dewar which we fill to about 3 Q with argon. The argon is purified with a gettering furnace and oxygen levels are monitored with a fuel-cell oxygen monitor.13 '14 One pass through the furnace at a flow of 3-4 Q/min reduces the tank gas from 1-10 ppm to < 100 ppb. The dewar system is unique in the sense that the liquid is continuously vaporized, passed through the purifier, and recondensed. 5 This cycle is concurrent with its use as a detector. After a day, the system stabilizes to about 10 ppb oxygen. The system has operated continuously at 10 ppb oxygen and one filling of argon 0018-9499/78/0200-0352$00.75 (© 1978 IEEE for three weeks with no problems. We consume about 25 Q of liquid nitrogen per day as the refrigerant. The detector capacitance is 0.5 pf with another 10 pf in the leads to the outside. This raises our 300-electron FWHM electronic noise to 450 electrons. This is with a dc-coupled, room-temperature preamplifier. A cooled preamplifier is being prepared for future use. After heavy filtering we still get a noise increase to 600 electrons FWHM when the voltage is set at 25 kV total. A little corona anywhere in the filter or divider quickly turns this into 1000.
In the absence of corona, we feel the high voltage noise contribution is primarily shot noise in the divider network of giga-ohm resistors. We are purchasing a second high voltage power supply so that the divider will be unnecessary. Figure 1 shows the 207Bi spectrum obtained with our detector. The K and L conversion lines are resolved for the 569.7-keV and 1063.6-keV transitions. The efficiency for the photo events is too low to see a peak, but the Compton edges are relatively distinct. The energy resolution at 976 keV is 34 keV FWHM and 26 keV FWHM at 480 keV. With 600 electrons electronic noise, we would predict 15-keV and 14.4-keV resolution for these peaks. At this time we do not understand the difference between the predicted and measured resolutions. However, note that our resolution is the best reported with LAr.
IV. CONCLUSION
If the calculated Fano factors are correct, then one sees that the resolution of a LAr or LXe detector is limited by electronics and geometry, and not necessarily by the physics of the liquids. While this presents some challenging experimental difficulties, it is our opinion that it is much better for the limitations to be as they are since one would hope them to be solvable.
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